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Introduction

Different ways of defining the precise relative position of 
the optic nerve head and macula have been studied in the 
past. It would be important to have access to a method to 
easily calculate their relative location in order to deter-
mine the angle between the fovea and the optic disc. This 
is particularly useful for obtaining a value of the ocular 
torsion.

There are several subjective methods of evaluating the 
extent of ocular torsion, also known as cyclo-position. 
Examples include Double Maddox’s rod test, Bagolini’s 
eyeglasses, indirect ophthalmoscopic lens, slit lamp biomi-
croscopy, perimetry, or synoptophore. However, obtaining 
reliable, standardized, and reproducible results using these 
subjective measurement methods remains complicated.

In 1982, the first group that objectively studied the ana-
tomical angular relationship between the optic disc and the 
macula used fundus photography.1 They analyzed a group 
of 50 non-strabismic volunteers and found that the normal 
foveal position corresponded to one-third of the disc 
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diameter below a horizontal line passing through the center 
of the optic nerve head. The following year, the same 
group showed the usefulness of fundus photography for 
documenting ocular torsion in patients with vertical 
strabismus.2

More recently, other authors have measured foveal disc 
angle in different patient groups, but they differed signifi-
cantly.3,4 Therefore, even though it was considered the 
gold standard for ocular torsion measurement,5 fundus 
photography should not be considered a reproducible tool 
without a standardized approach.

The optic disc proved to be easier to be located than the 
fovea. This is due to its brightness, location, and the pres-
ence of prominent blood vessels, although accurate seg-
mentation can be difficult.6,7

Conversely, the detection of fovea could be much more 
difficult because it has no specific characteristics. In order 
to detect it easily, several authors have proposed their tech-
niques, such as semi-automated analysis, statistical analy-
sis of metrics and pixel intensity, mathematical morphology, 
or blur scale variations, among others.8–11

Since these methods are difficult to apply in clinical 
practice, other solutions must be found. In a recent case 
report of two patients, Sophocleous demonstrated that fun-
dus torsion could be demonstrated with the use of optical 
coherence tomography (OCT).12 In relation to the other 
methods proposed, this method takes less time, no dilation 
of the pupil is necessary, and it is less prone to human 
errors, because the macula transverse section reveals pre-
cisely the location of the fovea.12

OCT angiography (OCTA) is a new technology that 
further enhances the role of imaging. It allows analyzing 
the retinal and choroidal vascular system without injecting 
the dye. OCTA instruments take advantage of the innova-
tions included in the original OCT, such as eye tracking 
systems, fovea computer detection, or rapid acquisition 
speed, by adding improved anatomical structure capabili-
ties, such as for vascularization of the head optic nerve or 
foveal avascular zone.13–15

In our study, we compared the gold standard method for 
measuring ocular torsion, fundus photography, with the 
latest innovation in the field of retinal imaging, OCTA, in 
a sample of healthy subjects.

Materials and methods

We included in our study 40 patients (80 eyes). The patients 
were examined at the San Giuseppe Hospital in Milan. 
This study was conducted in accordance with the Helsinki 
Declaration, and the study protocol was approved by our 
governing board.

Patients were informed of the procedure and agreed to 
obtain fundus photographs and OCTA images. All patients 
underwent a complete ophthalmological examination. The 
exclusion criteria were as follows: inappropriate cooperation, 

a corneal or crystalline disorder that made examinations dif-
ficult, abnormal ocular movement, ocular deviation, retinal 
pathologies, pathologies of the optic nerve, amblyopia, myo-
pia greater than –3 diopters, hyperopia greater than +3 diop-
ters, and astigmatism greater than ±1 diopter. All patients 
with none of these characteristics were included. Only one of 
the authors (F.B.) was responsible for all the measurements 
made, in order to exclude any bias between operators. We 
paid particular attention to the alignment of the patient’s head 
on the lateral marks and the correct placement of the chin. We 
use a precision level with a balancing air bubble positioned on 
the patent’s head to be sure that the patient maintained the 
correct position.

The fundus photography was done with a CR-2 fused 
camera (Canon, Japan). We obtained 50° photographs to 
visualize the macula and the optic nerve on the same 
frame. The angle was measured between a horizontal line 
passing through the fovea and a line connecting the fovea 
to the geometric center of the optic nerve head (Figure 1).

We used Cirrus OCTA (Carl Zeiss Meditec, Jena, 
Germany) to obtain OCTA images. We obtained an image 
of 6 mm × 6 mm in order to visualize the macula and the 
optic nerve on the same frame. The precise location of the 
fovea was obtained through the OCT analysis manually 
moving the horizontal and vertical lines until they passed 
through the fovea. The angle was measured between the 
horizontal line passing through the fovea and the line con-
necting the fovea to the center of the major vascularization 
of the optic nerve (Figure 2).

The angle was calculated using ImageJ software ver-
sion 1.40 (National Institutes of Health, Bethesda, MD, 
USA).

SPSS Statistics 17.0 software was used for statistical 
analysis (SPSS, Inc., Chicago, IL, USA). We selected a 
group sample sizes of 80 eyes and 40 patients in order to 
achieve an 80% power to reject the null hypothesis of 
equal means with a significance level of 5%. Values of 
p < .05 were considered significant. The nonparametric 
Wilcoxon test was used to compare measured angles with 
OCTA and a fundus camera.

Results

The patients’ mean age was 54.3 ± 16.3 (range: 22–83) 
years; 23 of them were female (57.5%).

Taking into account all eyes, the angle measured by the 
fundus camera was 7.78° ± 3.04°, while the angle meas-
ured by the OCTA was 7.09° ± 3.08° (p = .035). If the anal-
ysis is limited to the right eye, the measured angle is, 
respectively, 8.55° ± 2.95° and 7.34° ± 2.84° (p = .005). In 
contrast, left eye analysis showed that the angles were not 
significantly different, 7.01° ± 2.98° versus 6.84° ± 3.34° 
(p = .8) (see Table 1).

The mean interocular difference was 1.54° ± 3.42° for 
fundus photography and 0.5° ± 4.71° for OCTA (p = .013).
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Discussion

In our study, the foveal optic head angle was 7.78° ± 3.04° 
and 7.09° ± 3.08° using, respectively, fundus photography 
and OCTA. Bixenman and von Noorden1 found an angle of 
7.2° ± 2.5° in 100 eyes of 50 patients in their first study in 

which they used fundus photography in 1982. Lefevre 
et al.4 analyzed 150 patients divided into three different age 
groups, without angular variations, with an average value 
of 6.3° ± 3.4°. The largest sample of patients was collected 
by Williams and Wilkinson,16 446 eyes with a mean angle 
of 6.1° ± 3.3°. Kothari et al.17 described a lower value in a 

Figure 1. Fundus photography of patient 1. The angle was calculated between the horizontal line passing through the fovea and 
the inclined line that connects the fovea to the geometric center of the optic nerve head.

Figure 2. OCTA of patient 1. The angle was calculated between the horizontal line passing through the localized fovea through 
the OCT scan and the inclined line that connects the fovea to the center of the major vascularization of the optic nerve.

Table 1. Values of optic nerve head—fovea angle measured with fundus photography and OCT angiography.

The angle measured with fundus photography The angle measured with OCT angiography p value

All eyes 7.78° ± 3.04° 7.09° ± 3.08° .035
Right eyes 8.55° ± 2.95° 7.34° ± 2.84° .005
Left eyes 7.01° ± 2.98° 6.84° ± 3.34° .8

OCT: optical coherence tomography.
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subset of 72 eyes (36 patients): 5.5° ± 3.3° using a slit lamp 
stereoscopic technique and 6.1° ± 4.3° with a photograph 
of fundus. Other authors have analyzed the angle of the 
optic nerve and fovea using a fundus camera, with a smaller 
number of patients (Table 2).18

The different values described by our work and the pre-
vious ones are difficult to compare because the sample of 
patients could be very different. However, not focusing on 
numerical values, but on qualitative values, even our results 
confirm the general role that describes the fovea located in 
an area between one-third of a disc diameter under a hori-
zontal line through the center of the optic nerve head and 
the center of the head of the optic nerve itself.

Considering the mean interocular difference, the results 
we found using the fundus camera are similar to those 
described by Bixenman and von Noorden1 (1.6° ± 1.2°), 
but lower than those proposed by Kothari et al.17 
(3.3° ± 2.7° and 5.5° ± 4.6°, respectively, measured with a 
slit lamp and photograph), but they included patients with 
various refractive errors. Jethani et al.19 studied the ocular 
torsion of a group of Indian children and found results 
similar to ours (1.15° ± 1.39°).

Looking at our results, the value of the disc-foveal 
angle obtained with the OCTA was significantly lower 
than that of the fundus photography, considering all the 
eyes and the right ones. An average difference of about 
only one degree was found. This finding could probably 
not change the relevance of the measurements during the 
clinical practice but show that OCTA is, at least, as reliable 
as photography in the measurement of ocular torsion.

More importantly, the interocular difference was sig-
nificantly reduced if measured with OCTA. The possible 
explanation to the significative difference in measurement 
between the two instruments and the reduced interocular 
difference measured with the OCTA is related, in our opin-
ion, to the OCT technology: in OCTA it is possible to pre-
cisely identify the center of the fovea, differently from 
fundus photography. So, this high level of precision allows 
the use of this technology to be extended in the field of 
ocular torsion, other than areas of retinal pathologies or 
optic nerve. In difficult and doubtful cases of incyclotor-
sion or excyclotorsion, the possibility of having OCTA 
could be useful for a precise measurement.

We found that there was no significant difference in the 
angle of the left eye as measured by both techniques. This 

result could be due to different average interocular values 
or the relatively small size of the sample. Another possibil-
ity could be the existence of a divergence in static torsion 
measurements under monocular or binocular observation 
conditions, but we could not measure the torsion while the 
contralateral eye maintains fixation for the size and the 
shape of the instruments, so a relative torsional alignment 
should be considered; however, this limitation impacts in 
the same way on both the techniques. Alternatively, the 
presence of a true variance in the population could really 
exist, as suggested by Guyton,20 who observed a wide 
range of physiological torsion in the normal population, up 
to 18° between the two eyes.

Our study has some limitations, as it is a monocentric 
study. Further studies are also needed to test OCTA on a 
pathological sample of patients with head-tilted position or 
cyclotropia, possibly comparing it with double Maddox 
rod test, as well as fundus photography, before and after 
surgery. However, this is a homogeneous group of patients, 
and this is the first work that demonstrates the usefulness 
of the OCT angiographic technology in this area and its 
non-inferiority to the current gold standard method.

In conclusion, fundus photography should remain the 
gold standard technique for the measurement of the head 
of the optic nerve—foveal angle, and thus of the ocular 
torsion, thanks to a wider distribution. However, the OCTA 
is a very useful, fast, precise, reproducible, and reliable 
technique in cooperative subjects, not inferior to the fun-
dus camera and less prone to human errors.
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Table 2. Different values of optic nerve head—fovea angle measured with fundus photography by previous authors.

Authors Number of eyes The angle measured with fundus photography

Bixenman and von Noorden1 100 7.2° ± 2.5°
Williams and Wilkinson16 446 6.1° ± 3.3°
Kothari et al.17 72 6.1° ± 4.3°
Lefevre et al.4 300 6.3° ± 3.4°
Freedman et al.18 10 4.8°
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